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Abstract: Wine is an important beverage with a long tradition, and its moderate consumption 

may be considered beneficial for human health. Although there are many studies regarding 

phenolic compounds in wines, there is a lack of information about antioxidants and phe-

nolic content in South American wines. In this study, 35 South American red wines from 

four different countries, vintages 2004–2013, purchased at retail stores in La Paz, Bolivia, 

were studied. Resveratrol content, total antioxidant capacity (TAC) by the 2,2′-azino-

bis(3-ethylbenzotiazoline-6-sulfonic acid) (ABTS) and ferric-reducing antioxidant power 

(FRAP) methods, total phenolic content (TPH), total flavonoids (TF), and main saccharides 

were assessed using the well-established spectrophotometric and high-performance liquid 

chromatography methods. The results ranged from 4 to 24 mmol/L for TAC determined by 

ABTS method and 14 to 43 mmol/L for TAC determined by FRAP method, 1600 to 3500 

mg gallic acid equivalents/L for TPH, and 2 to 6 mmol catechin equivalents /L for TF. The 

resveratrol content ranged from 0.1 to 8 mg/L. Saccharides, glucose, and fructose content 

ranged from 0.4 to 10 g/L, 1.4 to 8.6 g/L, and 0.2 to 12 g/L, respectively. There was a high 

correlation among the different methods. The results showed that some wines growing at 

high altitude (>1500 meters above the sea level) have higher amounts of TAC and phenolic 

content, including resveratrol, while non-varietal wines showed the lowest values. It was 

also observed that the saccharose content in some wines was surprisingly high, suggesting 

saccharose dosing after fermentation.

Keywords: ABTS, FRAP, high altitude, HPLC, PCA, Bolivia

Introduction
Wine is a culinary and economically important beverage with a long tradition. Although 

there are health concerns related to wine, today it is commonly recognized that a moderate 

consumption may be beneficial for human health as wine is a rich source of polyphenols.1

In the last few decades, wine has been a part of the “French Paradox”, a diet rich in 

fat but still with moderate effects observed on public health.2 A possible explanation 

could be wine being a significant source of phenolic compounds, with antioxidant 

properties.3 Phenolic compounds in wines have been widely studied, and epidemio-

logical studies show that its long-term moderate consumption is associated with a 

prolonged life span in humans.4,5

Polyphenols (phenolic acids and derivatives, such as gallic acid, caffeic acid, 

p-coumaric acid, and so on), flavonoids (catechin, epicatechin, quercetin, rutin, myric-

etin, etc.), and stilbenes, especially trans-resveratrol, have received much attention for 

their positive effects associated with preventing cardiovascular illnesses, as well as 
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ischemic injures such as Alzheimer’s disease.5 In particular, 

trans-resveratrol is associated with cardiovascular benefits 

by relaxing arteries in different vascular bends, and also for 

its capacity to reduce oxidative stress.6

The chemical composition of wine includes water 

(74–87%, v/v), ethanol (10–14%, v/v), saccharides (0.05–

10%), organic acids (0.05–0.7%), phenols (0.01–0.2%), and 

glycerol.7 Nowadays, more than 200 phenolic compounds 

have been identified in red wines, and over 500 different 

compounds have been recognized in red wines.7

In fact, phenolic compounds in wine are responsible for 

some of wine’s major organoleptic characteristics, such as 

color, astringency, and bitterness,8 as well as for its antioxi-

dant properties.

Resveratrol is produced in plants, particularly in grapes, 

as a defense response to external stress, such as fungal infec-

tion, and ultraviolet (UV) solar radiation.9,10 Some South 

American wines are produced with grapes grown at between 

1750 and 2000 meters above the sea level (m.a.s.l.), and hence 

denoted as high-altitude wines.

In addition, in the last few decades, South American wines 

became popular all over the world due to their organoleptic 

qualities and good flavor, despite the scarce literature con-

cerning their chemical composition, such as resveratrol, total 

antioxidant capacity (TAC), the phenolic content, and saccha-

rides. Therefore, it is important to contribute to the knowledge 

of the chemical composition of these wines, particularly by 

studying their antioxidant capacity and resveratrol content 

for their importance and impact on human health.

Furthermore, in winemaking production, it is essential 

to control the levels of glucose which determine the ethanol 

content, while residual, non-fermented glucose affects the 

sweetness and the perceived acidity, bitterness, and dryness 

of the wine;11,12 the glucose levels in wine depend on the 

grape variety as well as other factors.

Our research group has been studying antioxidants in 

Bolivian foods growing at high altitude above the sea level. 

The methodology for the determination of TAC and the total 

phenolic content (TPH) has been established by Peñarrieta 

et al,13 for the resveratrol content in grapes by Taquichiri et 

al,14 and the saccharide content in different raw materials 

using high-performance liquid chromatography (HPLC) by 

Carrasco et al.15

The aim of this work was to determine and compare the 

TAC, the phenolic content, main saccharides, and resveratrol 

in 35 South American wines present on the market. In addi-

tion, this study intended to evaluate to what extent differ-

ences occur in the chemical composition of wines produced 

at different altitudes and to what extent the wine makers 

act compensatory by choosing varieties with naturally less 

polyphenols or a winemaking procedure reducing differences.

Materials and methods
Wine samples
For this study, 35 random, different, and commercially available 

red wines from Argentina, Bolivia, Chile, and Uruguay were 

purchased at different local supermarkets in La Paz, Bolivia, in 

June 2014. Table 1 shows the wines selected for this study with 

their principal characteristics, including variety, origin, vintage, 

and altitude. Samples were analyzed in triplicate once opened.

Chemicals
Folin–Ciocalteu reagent, gallic acid, sodium carbonate, sodium 

nitrite (99%), aluminum chloride hexahydrate (97%), and etha-

nol (98%) were purchased from Merck (Darmstadt, Germany). 

2,2′-Azino-bis(3-ethylbenzotiazoline-6-sulfonic acid) 

(ABTS), potassium persulfate, catechin (99%), 6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, 97%), 

2,4,6-tripyridyl-s-triazine (TPTZ), saccharose (99.5%), 

glucose (99.5%), fructose (99%), methanol (HPLC grade), 

sulfuric acid p.a., and hydrochloric acid (37%) were obtained 

from Sigma-Aldrich (St. Louis, MO, USA). Ferric chloride 

was purchased from ICN Biomedicals Inc. (Costa Mesa, CA, 

USA), and acetic acid (glacial p.a.) and sodium acetate from 

BDH Chemicals Ltd. (Poole, UK). Trans-resveratrol was 

purchased from ChromaDex (Irvine, CA, USA).

Spectrophotometric determinations
Determination of TAC, TPH, and TF
The TAC was measured using the ABTS and ferric-reducing 

antioxidant power (FRAP) methods, as previously described 

by Peñarrieta et al.13 The results are expressed in mmol Trolox 

equivalents per liter of wine (mmol/L).

Folin–Ciocalteu reagent was used for the determination of 

TPH, as well as the total flavonoids (TF) content as described 

by Peñarrieta et al.16 The results are expressed in mmol or mg 

gallic acid equivalents per liter of wine (mmol or mg GAE/L), 

and in mmol catechin equivalents per liter of wine, respectively.

All the measurements were recorded on a Biotek Multi-

Mode reader Cytation™ 3 Cell Imaging system (Winooski, 

VT, USA). Wine samples were analyzed in triplicate in a 

Nunclon 96-well plate at room temperature.

Determination of resveratrol by reverse-phase 
HPLC
Trans-resveratrol was identified and quantified using a liq-

uid chromatographic system, Agilent (Palo Alto, CA, USA) 

series 1100, equipped with a quaternary pump with degasser 
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(G1354A), an autoinjector, a column oven, and a diode array 

detector. The column was a 3.5 × 150 mm Kromasil C18 

reversed-phase column. The flow rate was 0.8 mL/min, and 

the injection volume was 20 µL. The gradient consisted of 

two eluents, 1% acetic acid/water (A) and methanol (B), and 

the separation components, achieved by modification of the 

procedure described by Taquichiri et al,14 were as follows: 

40% B at 0 min, 50% B after 5 min, 80% B after 20 min, 

90% B after 25 min, and 40% B after 28 min until 30 min.

Saccharides determination in wine by HPLC
In the tested South American red wines, saccharides were 

measured using HPLC. Samples taken from each wine were 

centrifuged at 16000× g for 5 min, filtered using 0.20 μm 

sterile filters, and acidified (5 mM H
2
SO

4
) for the analysis of 

dissolved compounds. Saccharose, glucose, and fructose were 

separated using an Aminex HPX-87H column (Bio-Rad labo-

ratories, Hercules, CA, USA) with an eluent of 5 mM H
2
SO

4
 

at 0.6 mL/min at 65°C using HPLC. The HPLC system used 

was a Shimadzu Corp. Prominence (Kyoto, Japan) equipped 

with a system controller CBM-20A, a solvent delivery unit 

LC-30AD, a refractive index detector RID-20A, a column 

oven CTO-10 ASVP, an online degassing unit DGU-20A, 

and an autosampler SIL-30AC. Twenty microliters of each 

standard solution was injected in duplicate for the construction 

of calibration curves which were obtained by plotting the peak 

area versus the concentration of each saccharide. The linearity 

was evaluated by a linear regression analysis using the least-

squares regression method. The limits of detection and limits 

of quantification were calculated as described previously.15

Table 1 List of South American wines according to their variety, origin, vintage, and altitude

No. Code Sample name Variety Country Vintage Altitude

1 AW1 Casa de Campo Non-varietal Mendoza, Argentina NR <1500 m.a.s.l.
2 AW2 Santa Ana Cabernet Sauvignon Mendoza, Argentina 2013 <1500 m.a.s.l.
3 AW3 Santa Ana Syrah Mendoza, Argentina 2012 <1500 m.a.s.l.
4 AW4 La Chamiza Polo Amateur Syrah Mendoza, Argentina 2011 <1500 m.a.s.l.
5 AW5 La Chamiza Polo Profesional Cabernet Sauvignon Mendoza, Argentina 2011 <1500 m.a.s.l.
6 AW6 Misterio Cabernet Sauvignon Mendoza, Argentina 2012 <1500 m.a.s.l.
7 AW7 Misterio Syrah Mendoza, Argentina 2011 <1500 m.a.s.l.
8 AW8 Cafayate Cabernet Sauvignon Salta, Argentina 2012 1750 m.a.s.l.
9 BW1 La Concepción Non-varietal Tarija, Bolivia NR 1750–2100 m.a.s.l.
10 BW2 Kohlberg Non-varietal Tarija, Bolivia 2012 2000 m.a.s.l.
11 BW3 Campos del Solana Non-varietal Tarija, Bolivia NR 1850 m.a.s.l.
12 BW4 Terruño, Aranjuez Non-varietal Tarija, Bolivia 2013 2000 m.a.s.l.
13 BW5 Kohlberg Cabernet Sauvignon Tarija, Bolivia 2012 2000 m.a.s.l.
14 BW6 Kohlberg Syrah Tarija, Bolivia 2010 2000 m.a.s.l.
15 BW7 Casa Grande Syrah Tarija, Bolivia 2009 2000 m.a.s.l.
16 BW8 Casa Grande Cabernet Sauvignon Tarija, Bolivia 2008 2000 m.a.s.l.
17 BW9 La Concepción Cabernet Sauvignon Tarija, Bolivia 2012 1750–2100 m.a.s.l.
18 BW10 Aranjuez Cabernet Sauvignon Tarija, Bolivia 2010 2000 m.a.s.l.
19 BW11 Campos del Solana Cabernet Sauvignon Tarija, Bolivia 2012 1850 m.a.s.l.
20 BW12 La Concepción Syrah Tarija, Bolivia 2010 1750–1850 m.a.s.l.
21 BW13 Aranjuez Tannat Tarija, Bolivia 2012 2000 m.a.s.l.
22 BW14 1750 Cabernet Sauvignon Santa Cruz, Bolivia 2013 1750 m.a.s.l.
23 BW15 1750 Syrah Santa Cruz, Bolivia 2013 1750 m.a.s.l.
24 BW16 1750 Tannat Santa Cruz, Bolivia 2013 1750 m.a.s.l.
25 CW1 Santa Carolina Cabernet Sauvignon Santiago de Chile, Chile 2013 <500 m.a.s.l.
26 CW2 Santa Carolina Syrah Santiago de Chile, Chile 2013 <500 m.a.s.l.
27 CW3 Santa Helena Cabernet Sauvignon Santiago de Chile, Chile 2012 <500 m.a.s.l.
28 CW4 Casillero del Diablo Syrah Santiago de Chile, Chile 2011 <500 m.a.s.l.
29 CW5 Casillero del Diablo Cabernet Sauvignon Santiago de Chile, Chile 2012 <500 m.a.s.l.
30 CW6 Cousiño Macul Syrah Santiago de Chile, Chile 2011 <500 m.a.s.l.
31 UW1 Pueblo del Sol Cabernet Sauvignon Montevideo, Uruguay 2005 Sea level
32 UW2 Padre Barreto Tannat Montevideo, Uruguay 2004 Sea level
33 UW3 VCP Selección Tannat Montevideo, Uruguay 2004 Sea level
34 UW4 VCP Selección Cabernet Sauvignon Montevideo, Uruguay 2004 Sea level
35 UW5 Pisano Cabernet Sauvignon Montevideo, Uruguay 2006 Sea level

Abbreviations: NR, not reported; m.a.s.l., meters above the sea level.
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Statistical analysis
The results were expressed as mean values (SD) of six repli-

cates measured over 3 weeks for TAC, FRAP, TPH, and TF. 

Linear correlation coefficients were calculated according to 

the Pearson method. All calculations were done using Excel 

software.

The principal component analysis (PCA) was performed 

using MATLAB Release 2012a (MathWorks, Natick, MA, 

USA). The PCA was performed on centered and normal-

ized data.

Results
In Table 2, the results of the measurements of TAC, TPH, TF, 

and trans-resveratrol from South American wines are shown.

Total antioxidant capacity
The TAC results determined by the ABTS method showed the 

following ranges: 8.6–23 mmol/L for Argentinian red wines, 

4.1–24 mmol/L for Bolivian red wines, 14.9–21.3 mmol/L 

for Chilean red wines, and 12–23 mmol/L for Uruguayan red 

wines. The overall average value found was 17.4 mmol/L, 

Table 2 Antioxidant capacity determined by ABTS and FRAP methods, TPH, TF, and trans-resveratrol in South American red wines

Code ABTS (mmol/L)a  
mean ± SD

FRAP (mmol/L)a  
mean ± SD

TPH (mmol/L)b  
mean ± SD

TF (mmol/L)c 
mean ± SD

Trans-resveratrol  
(mg/L)

AW1 8.6 ± 0.7 18.0 ± 0.4 12.03 ± 0.06 2.72 ± 0.10 <DL
AW2 17.9 ± 1.9 24.8 ± 1.7 20.46 ± 0.22 3.30 ± 0.10 0.2
AW3 18.0 ± 1.2 27.6 ± 0.6 17.55 ± 0.21 3.08 ± 0.15 0.1
AW4 17.3 ± 1.4 28.5 ± 0.7 12.31 ± 0.29 3.36 ± 0.03 0.3
AW5 22.6 ± 0.5 36.1 ± 1.0 13.80 ± 0.39 4.56 ± 0.03 0.5
AW6 19.1 ± 1.6 28.1 ± 1.2 11.07 ± 0.12 3.38 ± 0.01 2.1
AW7 16.7 ± 1.7 28.4 ± 1.0 11.01 ± 0.09 3.21 ± 0.04 5
AW8 20.8 ± 0.8 35.2 ± 1.9 12.36 ± 0.12 3.92 ± 0.05 3.7
BW1 10.7 ± 1.3 21.1 ± 1.3 12.11 ± 0.49 4.49 ± 0.07 <DL
BW2 6.8 ± 0.4 17.0 ± 0.9 13.48 ± 0.22 3.90 ± 0.08 <DL
BW3 9.3 ± 1.3 17.7 ± 0.3 14.52 ± 0.15 3.39 ± 0.09 <DL
BW4 4.1 ± 0.9 13.6 ± 0.4 11.30 ± 0.17 3.60 ± 0.02 <DL
BW5 24.2 ± 0.6 43.2 ± 1.7 15.34 ± 0.61 4.94 ± 0.12 <DL
BW6 18.8 ± 0.9 31.9 ± 0.6 14.08 ± 0.19 3.23 ± 0.03 <DL
BW7 12.7 ± 0.7 24.5 ± 1.6 12.60 ± 0.19 2.85 ± 0.02 <DL
BW8 18.1 ± 0.8 30.8 ± 1.2 13.93 ± 0.26 3.86 ± 0.17 <DL
BW9 17.7 ± 1.5 25.1 ± 1.2 10.31 ± 0.09 2.98 ± 0.15 1.8
BW10 20.8 ± 2.2 31.0 ± 0.6 14.59 ± 0.26 4.54 ± 0.20 3.1
BW11 24.3 ± 0.8 37.7 ± 2.3 16.16 ± 0.11 5.79 ± 0.02 7.9
BW12 17.1 ± 1.6 26.6 ± 0.1 9.22 ± 0.15 2.26 ± 0.02 4.4
BW13 24.1 ± 1.3 38.6 ± 0.7 20.52 ± 0.32 5.38 ± 0.04 5.8
BW14 20.6 ± 2.3 NR 11.06 ± 0.21 2.95 ± 0.02 1.6
BW15 20.0 ± 1.7 NR 12.91 ± 0.07 1.85 ± 0.01 1.7
BW16 22.1 ± 0.5 NR 14.88 ± 0.13 2.98 ± 0.01 0.4
CW1 18.0 ± 1.3 27.4 ± 0.5 14.56 ± 0.20 4.13 ± 0.20 <DL
CW2 14.9 ± 1.7 22.4 ± 0.8 11.46 ± 0.29 2.47 ± 0.09 0.1
CW3 16.0 ± 1.8 25.2 ± 0.3 12.16 ± 0.20 3.63 ± 0.10 1.5
CW4 19.3 ± 0.6 31.3 ± 1.7 12.98 ± 0.20 3.64 ± 0.08 1.3
CW5 21.3 ± 1.3 33.8 ± 0.9 13.58 ± 0.51 4.10 ± 0.08 0.5
CW6 19.3 ± 2.0 32.4 ± 1.8 11.28 ± 0.13 3.02 ± 0.02 2.7
UW1 12.1 ± 0.8 22.0 ± 0.1 9.31 ± 0.24 2.40 ± 0.08 0.2
UW2 19.0 ± 1.6 29.1 ± 1.2 13.21 ± 0.17 4.45 ± 0.01 1.7
UW3 20.8 ± 1.5 30.2 ± 0.8 12.55 ± 0.15 4.13 ± 0.02 1.4
UW4 18.4 ± 1.7 28.2 ± 0.5 11.21 ± 0.13 3.31 ± 0.03 1.6
UW5 22.9 ± 0.94 34.2 ± 0.8 13.92 ± 0.13 3.80 ± 0.03 0.1
Median 17.43 28.31 13.25 3.59 1.99
Range 4.1–24.2 13.6–43.2 9.22–20.52  

(1569.2–3491.45 mg/L)
1.85–5.79 <0.1–7.9

Notes: Data are expressed as mean ± SD of nine measurements. aResults are expressed in mmol/L of Trolox equivalents. bResults are expressed in mmol/L of gallic acid 
equivalents. cResults are expressed in mmol/L of catechin equivalents. 
Abbreviations: ABTS, 2,2′-azino-bis(3-ethylbenzotiazoline-6-sulfonic acid); FRAP, ferric-reducing antioxidant power; TPH, total phenolic content; TF, total flavonoids; DL, 
detection limit; NR, not reported.
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while the lowest and highest values were found in Bolivian 

red wines with 4.1 mmol/L for Terruño by Aranjuez and 24 

mmol/L for Cabernet Sauvignon by Campos del Solana, 

respectively.

FRAP levels were in the range of 18–36 mmol/L for 

Argentinian red wines, 14–43 mmol/L for Bolivian red wines, 

22–34 mmol/L for Chilean red wines, and 22–34 mmol/L 

for Uruguayan red wines. Similar to the ABTS method, the 

lowest and the highest values were found in Bolivian red 

wines Terruño by Aranjuez with 13.6 mmol/L and Cabernet 

Sauvignon by Kohlberg with 43.2 mmol/L, respectively.

Total phenolic content
Results for TPH showed variations among the different 

samples such as Argentinian samples which varied from 

11 to 20 mmol/L, Bolivian samples that ranged from 9.2 

to 20 mmol/L, Chilean red wines that ranged from 11 to 14 

mmol/L, and Uruguayan red wines that ranged from 9.3 to 

14 mmol/L. The overall average value among the samples 

found was 13.2 mmol/L.

The total range found was 9.20–20.50 mmol/L, which 

was equal to 1600–3500 mg GAEL/L of wine.

Total flavonoids
TF showed the following ranges: 2.7–4.6 mmol/L for Argen-

tinian red wines, 1.8–5.8 mmol/L for Bolivian red wines, 

2.5–4.1 mmol/L for Chilean red wines, and 2.4–4.4 mmol/L 

for Uruguayan red wines. Lowest and highest values cor-

responded to Bolivian red wines with 1.8 mmol/L for Syrah 

by 1750 brand and 5.8 mmol/L for Cabernet Sauvignon by 

Campos del Solana, respectively. The overall average value 

found was 3.6 mmol/L.

Resveratrol
Trans-resveratrol identification using HPLC with the pro-

posed method showed a similar retention time, 11.5 minutes 

with the standard comparisons (20 ppm) (Figure 1), as well 

as the UV spectra showed one absorption band between 210 

and 250 nm and the second one between 250 and 360 nm for 

the standards and samples (Figure 2). As displayed in Table 2, 

the trans-resveratrol content ranged from 0.1 to 5.0 mg/L in 

Argentinian red wines, 0.4 to 7.9 mg/L in Bolivian red wines, 

0.1 to 2.7 mg/L in Chilean red wines, and 0.1 to 1.7 mg/L in 

Uruguayan red wines. The average mean concentration was 

2.0 mg/L. The highest value for trans-resveratrol content 

was found in the Bolivian wines Cabernet Sauvignon by 

Campos del Solana with 7.9 mg/L. In contrast, the three low-

est values of 0.1 mg/L were found in the Syrah by Santa Ana 

(Argentina), Syrah by Santa Carolina (Chile), and Cabernet 

Sauvignon by Pisano (Uruguay).

Correlation analysis
The Pearson method was applied to examine correlation coef-

ficients among the 35 different red wines. Highest correlations 

Figure 1 HPLC chromatogram for the trans-resveratrol identification comparing Campos del Solana and Cabenet Sauvignon 2012 (BW11) red (red line) wine sample and 
the trans-resveratrol standard 20 ppm (blue line).
Abbreviation: HPLC, high-performance liquid chromatography.
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were found in TAC assays: ABTS versus FRAP, with r = 0.95 

(P < 0.01) as shown in Figure 3, followed by TF versus FRAP 

result with r = 0.60 (P < 0.01), TPH versus TF with r = 0.51 

(P < 0.01), and TF versus ABTS with r = 0.48 (P < 0.01). Other 

correlations were found for TPH versus FRAP with r = 0.36 

(P < 0.05) and TPH versus ABTS with r = 0.35 (P < 0.05).

Determination of saccharides, saccharose, 
fructose, and glucose
According to our study (Table 3), highest values for fructose 

and glucose were found in Argentinian red wines, Casa 

de Campo (non-varietal wine) with 12 g/L and 8.6 g/L, 

respectively, as shown graphically in Figure 4. With regard 

Figure 2 HPLC UV spectra for the (A) trans-resveratrol standard of 20 ppm and (B) red wine sample (BW11) identification.
Abbreviations: HPLC, high-performance liquid chromatography; UV, ultraviolet.
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to the saccharose content, the highest value was found in 

the Argentinian red wine, Cabernet Sauvignon (Santa Ana) 

with 10 g/L. In contrast, the lowest value for saccharose was 

found in the Bolivian red wines Tannat by 1750 brand with 

0.38 g/L, while for glucose, the lowest value was found in 

the Chilean red wines Cabernet Sauvignon by Santa Caro-

lina with 1.4 g/L. With respect to fructose, the lowest value 

corresponds to Argentinian red wines Cabernet Sauvignon 

by Misterio with 0.24 g/L.

Discussion
The TAC results are in accordance with previous data 

reported for red wines from different regions around the 

world. For instance, the range of 4.1–24 mmol/L determined 

by ABTS method was comparable with those previously 

found in Australian and Spanish red wines.17,18 Additionally, 

the range of 13.6–43.2 mmol/L determined by the FRAP 

methodology was analogous to the data reported in Italian 

red wines.19,20

The TPH levels of the South American red wines ranged 

from 1600 to 3500 mg GAE/L, which are in accordance 

with previous reports in the following: French;21 Brazilian, 

Chilean, and Portuguese;22 Italian;19 Australian;17 and Span-

ish23 red wines. For the TF, the mean average value found was 

3.6 mmol/L in accordance with those previously reported in 

different South American red wines.24

The results for resveratrol were well within the range 

observed in previous studies in Hungarian,25 New Zealand,26 

Greek,27 Italian,22 and Spanish28 red wines. They also agreed 

with previous observations in South American red wines.24

There are scarce data about the saccharides’ content in 

wines. However, the data obtained in the present study for 

glucose (3.4 g/L) and fructose (3.1 g/L) are in accordance with 

previous studies reported in French wines.12,29 General sources, 

such as the USDA, point to low levels of total saccharides in red 

wine, typically around 6 g/L (USDA food databases). However, 

in our material, we may note that the saccharose content is 

comparably high for some wines, up to about 10 g/L, possibly 

indicating a late dosage of saccharose to the wine. High values 

of fructose, as observed in some wines, possibly indicate an 

early halting of the fermentation, or possibly, a late dosage of 

grape juice or pure saccharose. We noticed that an increasing 

trend in remaining saccharides in red wines has been observed 

in Australian wines,30 from an average of 0.5 g/L in 1984 to 

about 2 g/L in 2014 (counted as glucose plus fructose). How-

ever, individual wines scatter up to about 35 g/L.

A PCA was used to reveal potential patterns within 

samples of South American varietal red wines present on 

Figure 3 Pearson correlation coefficients between ABTS and FRAP.
Abbreviations: ABTS, 2,2′-azino-bis(3-ethylbenzotiazoline-6-sulfonic acid); FRAP, 
ferric-reducing antioxidant power.
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Table 3 Saccharides concentrations in the different wines studied

Code Saccharides

Saccharose  
(g/L)

Glucose  
(g/L)

Fructose  
(g/L)

Glucose/ 
fructose

AW1 4.24 8.55 11.67 0.73
AW2 10.33 3.88 8.11 0.48
AW3 6.17 2.42 5.93 0.41
AW4 4.21 3.12 0.94 3.31
AW5 3.95 3.01 2.17 1.39
AW6 <DL 1.97 0.24 8.19
AW7 <DL 3.18 0.90 3.54
AW8 3.08 1.48 3.11 0.48
BW1 1.59 4.88 5.35 0.91
BW2 1.64 8.05 8.34 0.97
BW3 3.58 5.05 4.93 1.02
BW4 1.85 7.22 7.55 0.96
BW5 <DL 2.65 3.19 0.83
BW6 3.99 4.08 4.92 0.83
BW7 1.10 2.55 1.05 2.43
BW8 2.89 2.74 2.70 1.02
BW9 2.90 2.63 1.25 2.11
BW10 4.06 5.46 6.65 0.82
BW11 3.68 3.16 0.72 4.37
BW12 1.46 2.11 0.81 2.60
BW13 6.15 5.66 8.51 0.67
BW14 0.38 1.76 0.52 3.37
BW15 5.69 3.78 1.74 2.17
BW16 5.45 2.53 1.41 1.79
CW1 3.66 1.36 2.39 0.57
CW2 4.19 1.84 2.37 0.78
CW3 3.55 2.16 2.61 0.83
CW4 4.84 3.26 0.85 3.84
CW5 3.93 2.83 1.20 2.35
CW6 4.26 2.56 1.23 2.09
UW1 2.06 1.98 1.05 1.88
UW2 3.08 2.34 0.77 3.04
UW3 3.40 2.38 0.77 3.08
UW4 3.15 3.07 1.70 1.80
UW5 4.35 3.91 1.67 2.34
Median (g/L) 3.60 3.42 3.12 1.94
Range (g/L) 0.38–10.33 1.36–8.55 0.24–11.67 0.41–8.19

Abbreviation: DL, detection limit.
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the market. The results (Figure 5) showed some chemical 

correlations among the different countries. For instance, 

Bolivian wines represent one extreme, close to the first 

principal component characterized by high altitude, high 

resveratrol content, high TF content, high TAC by ABTS and 

FRAP methods, and high glucose. Opposite to that of Bolivia, 

Chilean wines represent low altitude, low resveratrol content, 

low TF content, low TAC by ABTS and FRAP methods, 

Figure 4 HPLC chromatogram for the sample (AW1) showing the comparison among the peaks with saccharose, glucose, and fructose standard (0.5 g/L).
Abbreviation: HPLC, high-performance liquid chromatography.
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Figure 5 PCA plot representing all the parameters in the study, including countries, vintage, TAC, trans-resveratrol, TPH, TF, main saccharides, grape varieties, and altitude.
Abbreviations: ABTS, 2,2′-azino-bis(3-ethylbenzotiazoline-6-sulfonic acid); FRAP, ferric-reducing antioxidant power; PCA, principal component analysis; TAC, total 
antioxidant capacity; TPH, total phenolic content; TF, total flavonoids.
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and low glucose. Uruguay’s vintage wines in this collection 

of samples represent low values for TPH, saccharose, and 

fructose, whereas Argentinian red wines appear close to the 

middle, showing an intermediate level of chemical analysis.

A PCA was also performed excluding the grape varieties 

and excluding the political boundaries as parameters, and the 

result is shown in Figure 6. The result suggests a positive 

correlation between high altitude and high resveratrol, TF, 

ABTS, FRAP, and glucose in the present samples, while on 

the contrary, there is an orthogonal correlation between low 

TPH, saccharose, and fructose with high vintage of the wines. 

It is interesting to note that this correlation comes through 

despite several actions by the wine makers to moderate the 

character of the wine, for instance, using the polyphenol-rich 

Tannat variety in the warm climate and low-land production 

of Uruguay and less astringent varieties such as Syrah and 

Cabernet in the high-altitude production. It is possible that 

the TPH content mainly originates from the oak and that it is 

precipitating during the aging and, thereby, is related to the 

wine vintage, whereas TF comes from the grape seed and 

tissues,31 affecting the TAC and flavonoid content, and also 

from being more dependent on the growing conditions of 

the grapes. In our material, this is reflected in the obtained 

correlation between altitude and the different antioxidant 

parameters.

The results acquired for TAC, TF, and resveratrol content 

from wines growing at high altitude (>1500 m.a.s.l.) above the 

sea level are in accordance with other studies obtained from 

grapes growing at high altitude above the sea level, where 

higher values for TAC and resveratrol content were found.14

In addition, it is important to note that non-varietal 

red wines showed the lowest values of TAC and had high 

saccharides content; furthermore, aging was found to be a 

noncontributor to the antioxidant values, since the oldest 

wines collected in this study were Uruguayan bottled in 2004 

showing lower values for antioxidants.

Conclusion
As part of a larger research program in antioxidants in 

Bolivian foods,32 35 South American wines were analyzed 

with different methods to evaluate their antioxidant capac-

ity, phenolic content, resveratrol, and main saccharides. As 

Bolivian wineries are mainly situated at 2000 m.a.s.l., the 

high altitude has an impact on the wine’s chemical properties, 

as shown in Figures 5 and 6. Consequently, according to the 

PCA, Bolivian red wines showed positive correlations among 

high resveratrol, TAC, TF, and high-altitude grape growth.

High levels of resveratrol and antioxidants found in 

Bolivian wines can be mainly attributed to the grapes grown 

at high altitude despite the aging process of other wines such 

Figure 6 PCA plot representing the following parameters in the study: vintage, TAC, trans-resveratrol, TPH, TF, main saccharides, and altitude.
Abbreviations: ABTS, 2,2′-azino-bis(3-ethylbenzotiazoline-6-sulfonic acid); FRAP, ferric-reducing antioxidant power; PCA, principal component analysis; TAC, total 
antioxidant capacity; TPH, total phenolic content; TF, total flavonoids.
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as Uruguayan red wines from 2004 which can also increase 

the phenolic content.33 Additionally, other studies have found 

associations between the UV radiation and the increment of 

the phenolic content and thereby the antioxidant activity.9,14

However, the phenolic content comparison among the red 

wine samples can be difficult to interpret since the polyphenol 

content is affected by several factors, such as grape variet-

ies, vinification techniques, aging, weather conditions, soil 

characteristics, and solar UV radiation, thereby affecting their 

analytical determinability and, thus, their general profile.34,35

This study provides new data about the chemical compo-

sition of wines from South America. It gives way to future 

research on the importance of the phenolic content in red 

wines from grapes growing at high altitude above the sea 

level, and the relationship it may have with the aggregation of 

polyphenols due to its influence on the organoleptic attributes.
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